Systemic and pulmonary diseases that affect the pleura are usually characterised by accumulation of fluid in the pleural cavity or by fibrous healing of damaged mesothelium. Some of the reactive changes in the mesothelial cells and fibroblasts concerned in these processes may closely mimic neoplasia and must be distinguished from metastatic carcinoma and malignant mesothelioma. Before we consider the pathogenesis of these conditions it is necessary to understand the development and structure of pleura, the unique mechanism for regeneration of mesothelium, and the factors responsible for breakdown of this mechanism and for the resulting fibrous repair.
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Development and structure of the pleura
The pleura and other serous cavities develop from the extraembryonic coelom, which appears in the blastocyst as early as the second week of embryonic life. The parietal pleura is derived from the somatopleura, which also covers the amnion and lines the trophoblast; whereas the visceral pleura is derived from the splanchnopleura, which also surrounds the yolk sac. 1 The pleural connective tissue and its highly specialised mesothelial lining are thus derived entirely from mesoderm: parietal and visceral pleurae develop separately in the early embryo, preserving certain structural and functional differences in the adult.
The anatomical layers of the pleura are shown diagramatically in the figure. The mesothelium and a thin layer of submesothelial connective tissue cover a well developed network of fibres that form the external elastic lamina. This is separated from the internal elastic lamina by the interstitial layer, which contains lymphatics and blood vessels and is continuous with the interlobular connective tissue. The internal elastic lamina is present in both parietal and visceral pleura, although in the latter it is indistinguisable from the elastic of the peripheral alveoli. 2 The lymphatic flow in the adult lung is directed by valves.2 3 Subpleural lymphatic vessels, situated in the deep aspect of the interstitial layer, drain along the surface of the lung, as well as through intrapulmonary lymphatic vessels, to the hilar lymph nodes.2 Intralobular pulmonary lymphatics drain outwards to the subpleural network. 3 The anterior parietal and diaphragmatic lymphatics drain to the internal mammary chain. The posterior parietal and diaphragmatic lymphatics drain mainly to the intercostal and paravertebral nodes, but also through the diaphragm to the retroperitoneal nodes. 2 The controversy about the existence of stomata between the pleural space and lymphatics has been resolved largely by scanning electron microscopy and is reviewed by Whitaker etal. 4 The existence of subdiaphragmatic stomata, as described by Allen in 1936,5 has been confirmed. 6 Stomata have also been shown to be present in the parietal pleura of the caudal and ventral mediastinum and the lower part of the costal pleura, in both experimental animals and man. 7 The distribution of the stomata is similar to that of the aggregates of macrophages and specialised mesothelial cells refered to as "Kampmeier foci"8 9: these structures are not found in the visceral pleura. 7 Large particles and cells pass through the stomata,7 while protein is absorbed exclusively through the pleural lymphatics.'0 PLEURAL BLOOD SUPPLY There has been disagreement about the origin of the blood vessels in the interstitial layer of the pleura. Although It has been accepted that fluid is secreted by the parietal pleura and reabsorbed by the visceral pleura, largely because of visceral capillary pressure has been thought to be that of the pulmonary circulation'9 55 56_although recently some doubt has been cast on this. 57 58 In 1957 Agostoni et al demonstrated a visceral pleural absorptive force of 15 mm Hg in thoracotomised dogs.59 Later Black,60 using Agostoni's work as a basis, calculated that the parietal pleural secretory pressure is 6cm H20, and the visceral pleural resorptive force 13 cm H20. Pulmonary and systemic capillary pressure and the osmotic pressure of pleural fluid and plasma were taken into account. It was assumed that the visceral pleural capillary pressure was the same as the pulmonary arterial pressure.
Black's calculations result in a net pressure of 7 cm H20 favouring absorption, which would be even greater in the absence of fluid in the pleural space. Light.57 It is much higher with f haemolytic streptococcus (90%) than pneumococcus (40-60%), and occurs in about 20% of cases of viral pneumonia.
Organisms are grown from the fluid in less than half such effusions, with the exception of staphylococcus and Haemophilus influenzae in children and Escherichia coli and anaerobic organisms in adults. Anaerobic lung infections frequently cause effusions and are often associated with alcoholism and factors predisposing to inhalation. The cell counts are very high, usually over 10 x 106/1, 90% being neutrophils. Exfoliated mesothelial cells are present but are not prominent, possibly reflecting the lack of cell damage and the frequency of complete resolution, which occurs in about 90% of cases. Large, particularly blood stained, effusions may fail to resolve, and if they are not drained lead to fibrous pleurisy and respiratory impairment. 56 Pulmonary infarction An assessment of the incidence of pleural effusion in pulmonary thromboembolism is complicated by the fact that unrelated causes of effusion may also be present. Bynum and Wilson reported that 40% of patients had effusions directly attributable to thromboembolism when other causes had been excluded, and that only half of these had radiological evidence of pulmonary infarction. Two thirds of those with radiological evidence of infarction had effusions: these were larger, more often blood stained, and more likely to persist.7" The fluid is blood stained in up to 65% of cases of effusion related to thromboembolism,72
suggesting that not all infarcts are radiologically visible. Effusions in the absence of infarction may be attributed to transient pulmonary ischaemia, atelectasis, or right sided heart failure. The cell count tends to be high, with a composition that varies with the time from the onset of the disease.73 There may be a high percentage of neutrophils, in which case the picture is similar to that of a pneumonic effusion. One important difference is the frequent presence of exfoliated mesothelial cells in large numbers, which may be atypical and closely mimic malignant cells,63 73 probably reflecting ischaemic damage.
Most of these effusions resolve, but those associated with radiological evidence of infarction may persist and give rise to localised pleural fibrosis.7' Malignancy Malignant infiltration is a common cause of pleural effusion, and the histological and cytological examination of pleural biopsy material and fluid is largely directed towards the identification of malignant cells. Not all such effusions contain malignant cells, and they may show the features of a non-purulent inflammatory exudate, a lymphocytic effusion, or, very occasionally, a transudate.6
Effusions in which malignant cells cannot be identified may be caused by concomitant pneumonia, congestive heart failure, and hypoproteinaemia,74 or by the obstructive pneumonitis or bronchiectasis of lung cancer. This is relevant to whether a patient with The mechanisms concerned in mesothelial injury and repair and the circumstances in which pleural effusion may undergo fibrous organisation are important in the pathogenesis of pleural fibrosis. This may take several forms, which may or may not be associated with mesothelial regeneration.
Pleural adhesions Localised damage to the pleura, from whatever cause, may result in minor degrees of pleural fibrosis or adhesions between the lung and the chest wall, which become relined by mesothelium derived from surrounding mesothelial cells.41 Pleural adhesions have less clinical importance than those that form in the peritoneum, but they may result in the development of abnormal communications between the pulmonary and chest wall vasculature and lymphatic drainage.
These may play a part in the spread of disease and the pathogenesis of air embolism and metastatic cerebral abscess. 45 Diffuse fibrosing pleurisy At its most extensive, fibrosing pleurisy totally obliterates the pleural cavity, with limitation of chest movement and consequent respiratory disability. It may follow any prolonged exudative or blood stained effusion, but is particularly liable to occur in tuberculous pleurisy, empyema, and asbestos exposure.
Rarely, it is associated with rheumatoid effusions,124 uraemia, 1 1 1 pancreatitis, 1 15 or traumatic haemothorax. 45 Whatever the cause of the fibrosis, the pleural lining is replaced by a layer of dense collagenous tissue, which may be several centimetres thick and extends from the interstitial layer deep to the external elastic lamina, often affecting the interlobular septa. It can be stripped easily from the lung (unless there is underlying pulmonary fibrosis) and from the diaphragm, but with much more difficulty from the chest wall, where it may infiltrate the intercostal muscle. The mediastinal pleura is usually not affected in reactive pleurisy, in contrast to malignant mesoHerbert thelioma. 45 The superficial layer is composed of organising purulent exudate, tuberculous granulation tissue, rheumatoid nodules, or fibrinosanguinous exudate, depending on the aetiology. Histologically, benign fibrous pleurisy may be difficult to distinguish from mesenchymal malignant mesothelioma. The intact elastic lamina may be helpful,125 and the orientation of the granulation tissue is less haphazard than in malignant mesothelioma. 126 Fibrous pleurisy appears to be entirely mesenchymal, whereas the fibroblastic component of mesothelioma often looks more epithelial and may include cells that express epithelial cell markers.127 And although mesothelial cells may form clefts in fibrous pleurisy,'28 they are not prominent,92 126 presumably because they have been largely destroyed in the original inflammatory process.
Benign asbestos pleural effusion andfibrosis
Pleural fibrosis is a feature of pulmonary asbestosis, l29 130 but has only recently been recognised as a cause of restrictive lung disease in the absence of appreciable pulmonary fibrosis.131 132 Diffuse fibrosis may follow acute asbestos pleurisy with effusion,128 and is probably caused by direct damage to the mesothelium. Asbestos is known to have a direct cytotoxic effect on mesothelial cells,22 but the mechanism whereby the fibres reach the pleural space is unknown. The association of asbestos exposure with benign pleural effusion was first reported by Eisenstadt'33 and further cases were described by Gaensler and Kaplan' 34 and Mattson, who suggested that asbestos is a frequent cause of apparently idiopathic effusions.'20 Such recurrent and often bloodstained effusions frequently lead to fibrosis. Although this condition is relatively benign (in one series patients were followed for up to nine years), decortication may be required and a considerable number of patients later develop mesothelioma or lung cancer. 135 Pleural plaques Hyaline pleural plaques must be distinguished from pleural fibrosis, and they probably arise by a completely different mechanism. They consist of raised, sharply defined, serpiginous, shiny yellow white lesions, which are not associated with adhesions and can be readily stripped from the chest wall. 136 Microscopially they are composed of avascular, poorly cellular collagen, which shows hyaline degeneration and often calcification. They are most frequently found on the posterior costal parietal pleura, where they tend to follow the lines of the ribs, and the diaphragmatic pleura, where they are often firmly adherent to the central tendon.' 37 They also occur on the mediastinal pleura and cardiac fold but rarely on the visceral
Pathogenesis ofpleurisy, pleural fibrosis, and mesothelial proliferation pleura. The incidence of hyaline plaques in routine necropsies has been found to be 11-12% in urban communities'37 -139 and almost 40% in a mining community in Finland. '40 In these series they were strongly associated with an occupational and environmental exposure to all types of asbestos and with the presence of asbestos bodies in lung tissue. Analysis of pleural plaques has revealed fine asbestos fibres, less than 2 pm long, mainly in the calcified central zones. '' Some plaques occur in the apparent absence of asbestos exposure,'42 143 but may be related to fibres in the environment such as the amphibole asbestos tremolite. 130 and also nonasbestos minerals. Asbestos fibre counts of the lungs of patients with pleural plaques show a relative predominance of commercial amphiboles (crocidolite and amosite), contrasting with the predominance of chrysotile fibres found in controls. 144 The presence of plaques does not correlate with the degree of pulmonary asbestosis. 130 The sites of formation of pleural plaques coincide with pathways of lympathic drainage of the pleura and in particular with the Kampmeier foci, which are the sites of uptake of particulate matter into the parietal pleural lymphatics. The pathogenesis of pleural plaques is incompletely understood but Thompson has shown that they develop deep to an intact mesothelium, which suggests that direct mesothelial damage does not play a part in their development.145 This is supported by the absence of surface adhesions146 and of mesothelial hyperplasia. 147 Fibres less than 5 um are readily taken up by macrophages22 and are carried in lymphatics to hilar and mediastinal lymph nodes. It has been postulated that they might also reach the parietal pleura via lymphatics'138; but this seems unlikely as it would require retrograde flow against valves, and there is no reason for there to be lymphatic obstruction. It seems more likely that the fibres are held up at the site of uptake into the lymphatics; but how they reach the pleural space, in the absence of pleural or pulmonary scarring, remains unexplained-although Thompson A combination of closely applied fibrous bands and mesothelial regeneration may appear similar to these benign nodular lesions, and may be difficult to distinguish from malignant mesothelioma, particularly in patients with a history of exposure to asbestos. In biopsy material the regenerating mesothelium is heaped up and multilayered on the serosal surface,'26 but it becomes single layered as it relines the fibrous bands. Entrapment of islands of surviving mesothelium beneath the fibrous connective tissue can be distinguished from true invasion by the benign appearance of the cells. 170 The key to appreciating the benign nature of the process again lies in recognising that fibrosis and the mesothelial regeneration are separate processes, whereas malignant mesothelioma shows simultaneous differentiation towards mesenchymal and epithelial structures.179
Conclusion
The pleura is a remarkable structure, adapted to form a lubricated surface that allows the lungs to expand and contract without resistance, and to resist the accumulation of fluid despite negative intrapleural pressure. Partly because of its extreme sensitivity to a wide variety of agents, Barrett has described the pleura as "an anatomical luxury and a pathological hazard."45 Elephants and other members of the Proboscideae, which develop high intrathoracic negative pressures, lose their pleural spaces during fetal life and apparently show no respiratory disability. Many of the enigmas of the pleural reponse to injury result from the divergent functions of mesothelium, which shows partial differentiation towards epithelium though derived entirely from mesenchyme. A distinction must be drawn between the mesothelial response to injury and the process of fibrous repair that takes over when the mesothelium is irreversibly destroyed.
